In this paper, we contribute to another record of computational results by lattice Boltzmann on the flow behavior of nanofluid in a differentially heated enclosure. In the present study, numerical prediction of CuO and Al 2 O 3 nanofluid, Rayleigh number ranges 10 3 -10 5 , aspect ratios of 0.5, 1.0 and 2.0 and nanoparticle volume fractions of 1, 3, 5 and 10% were performed. The results show that, for both nanofluids, increases the volume fraction lead to increase of the average Nusselt number for the whole range of aspect ratios and Rayleigh numbers.
Introduction
In recent years, lattice Boltzmann methods (LBM) have become a powerful numerical method for simulating fluid flow in different types of flow fields such as porous media, multiphase flows, microfluidics and nanofluids [1] [2] [3] .
Nanofluids are a new generation of high conductivity fluids that widely uses for different heat transfer purposes. A number of experimental and numerical studies on this type of fluids can be seen in recent years. Easy production methods and inexpensive price made nanofluid more attractive and is used in many industrial productions such as electrical parts, coolant and lubricant oils, detergents, medical purposes, etc. [8] [9] .
Studies in square cavity filled with nanofluids by LBM method shows enhancement in heat transfer in all the nanoparticles and all the ranges of aspect ratios and heat fluxes. Kefayati et al. [11] investigated simulation of natural convection in an open enclosure with water/copper nanofluid by Lattice Boltzmann method. This research shows that the average Nusselt number increases with augmentation of Rayleigh number and the volume fraction of nanoparticle for whole ranges of aspect ratios. Kamyar et al. [12] reviewed and summarized numerical studies on heat enhancement due to the use of nanofluids including conventional numerical methods as well as LBM. Different nanofluids in single and two phase models have been investigated. Their research shows acceptable concordance with the experimental results. They concluded that from a numerical point of view, nanofluids lead to a significant improvement in the heat transfer performance and has a good agreement with experimental works.
Nemati et al.
[13] applied LBM to investigate the mixed convection flows utilizing nanofluids in a liddriven cavity with water as based fluid and nanoparticles of Cu, Cuo, and Al 2 O 3 . They investigated the effect of Reynolds number and solid volume fraction for different nanofluids on hydrodynamic and thermal characteristics. The results indicate that the effects of solid volume fraction grow stronger sequentially for Al 2 O 3 , CuO and Cu. In addition the increases of Reynolds number leads to decrease the solid concentration effect.
In the present research, the flow and heat transfer characteristics in enclosure is revisited. Water based CuO and alumina water were used as nanofluid with volume fraction of nanoparticle from 5 to 20%. The predicted results will be demonstrated in the forms of streamlines and isotherms plots, and the distributions of local Nusselt number along the heated wall.
Mathematical Model
The geometry that is used in this study consists of a two dimensional square cavity of height H and width W. Left wall is hot wall and right wall is the cold wall and top and bottom walls are assumed to be adiabatic and also no conduction is considered through the walls.
The aspect ratio of the geometry is defined as the ratio of width to the height of enclosure (Ar=W/H). The cavity is filled with nanofluid and the buoyancy force is the only external force acting on the fluid.
Adding nanoparticles to the base fluid will lead to change in fundamental properties of nanofluids. The heat capacitance of nanofluid is given as [15]:
The In the lattice Boltzmann method, the so called D2Q9 and D2Q4 models are used for the density and temperature distribution function respectively. The time evolution of these two distribution functions can be found in Ref [8] .
The dimensionless parameter Nusselt number Nu is used to describe the convective heat transfer. Local and average Nusselt numbers are defined as follows respectively: 
Results and Discussions
As the volume fraction increases, irregular motion of particles leads to high-energy transport trough the flow and this increases Nusselt number which cause enhancement in heat transfer of the nanofluid. Figure 2 1demonstrates the effect of volume fraction on the computed Nusselt number for three values of Rayleigh number at aspect ratio 1.0. Figure 3 demonstrates how the addition of nanoparticles effect on local Nusselt number along heated wall in different Ra numbers. As shown by the graphs, by increasing the volume fraction, the local Nusselt number increases. However, increasing the height of the wall, the Nusselt number decreases. This is due to the effect of buoyant force on the fluid and also different forces as Brownian motion, ballistic phonon transport, layering at the solid/liquid interface.
Finally, the effect of Rayleigh number on the computed average Nusselt number is shown in figure 4 for all aspect ratios. The results indicate that by increasing the Rayleigh number and volume fraction, the particle gain more energy and heat can be transferred more effectively. This leads to increment of Nusselt number for all tested cases. 
Conclusion
This study numerically investigated natural convection heat transfer in a cavity filled with nanofuid by the lattice Boltzmann method. Results are presented at different aspect ratios and Rayleigh numbers and also volume fraction of CuO and Al 2 O 3 nanoparticles. It is found that by increasing nanoparticles, thermal boundary layer decreases which lead to increment of Nusselt average and so the heat transfer.
